Although a variety of applications of the OTRAs have been reported in literature, the pole of the transresistance gain Rm of the OTRA has been usually considered to affect the performance of the circuits due to being parasitic. In this paper, the pole of the OTRA has been used to evolve some simple OTRA-based active-R circuits for realizing a synthetic inductor, single resistance controlled oscillator and low-pass/band-pass filter. The workability of all the proposed circuits has been verified by SPICE simulations and all the new circuits have been found to work as predicted by theory. The exemplary propositions suggest that it is worthwhile to further investigate new circuit designs using OTRA-pole.
Introduction
Operational Transresistance Amplifier (OTRA) has received a lot of attention over the past decades. Due to be-
The Proposed Circuits
The OTRA can be symbolically shown as in Figure 1 , and is characterized by the terminal equation
The two-pole model of the transresistance [39] of the OTRA is given by ( ) 
The above expression for R m (s) can be further modified and written as- 
R o is the dc resistance of the OTRA.
Analysis of the Proposed Circuits Using One-Pole Model of an OTRA
Consider now the following: 
From Equation (5), we observe that the circuit of Figure 2 , thus, realizes a resistance (R p ) in parallel with an inductance (L p ), where 1 2 p R R R =  and
The equivalent circuit of which is shown in Figure 3 . The quality factor of the simulated inductor is found using the expression ( )
2) In Figure 4 we show the new proposed single-resistance-controlled-oscillator (SRCO) circuit.
The straight forward analysis of the proposed circuit using Equation (4) gives the characteristic equation (CE) of the circuit as 
It can be easily verified from the CE given by Equation (7) that the condition of oscillation (C.O.) and the frequency of oscillation (F.O.) are respectively given by 1 2 C.O. : R R =
It may be noted that the circuit offers fully uncoupled CO and FO, the former is adjusted by R 1 and/or R 2 and the latter may be varied by R 3 and/or R 4 . It may be mentioned that any fully uncoupled oscillator using only four resistors along with only two active elements, that too without using any external capacitors, has not been reported in the literature earlier.
3) The last proposition is of an active-R OTRA-based low-pass/band pass filter which has been obtained from the circuit of Figure 4 by changing the polarities of the OTRA terminals and is shown in Figure 5 . A straight forward analysis of this circuit using Equation (4) reveals that its transfer functions are given by 
where the filter parameters are given by 
A novel feature of the proposed band-pass filter is that all the three filter parameters can be found to be electronically tunable [40] - [44] and can be controlled independently through various resistors: ω o by R 3 while the 
Thus, from Equation (15) the circuit of Figure 2 can be considered as a realization consisting of a resistance (R p ) in parallel with a series combination of a frequency dependent negative capacitance (FDNC), an inductor and a resistance (R s ) such that
The equivalent circuit of which is shown in Figure 6 . The quality factor of the simulated inductor considering all the parasitics is found to be using the expression
2) By a straight forward analysis, using Equation (3) we obtain the characteristic equation (CE) of the circuit shown in Figure 4 
Neglecting the term s 4 and the coefficients involving the term 2 2 p ω the CE given by Equation (17) can be 
Comparing the above equation with the standard form given as 
we obtain the following values for the coefficients of the Equation (19) 
For the CE of the form given by ( 
where f o is as given by Equation (9).
C.O.: 
The percentage error in the frequency of oscillation can be found using the expression for percentage error = 
3) A straight forward analysis of the circuit shown in Figure 5 using Equation (3) 
Equations (25) and (26) on neglecting the terms containing s 4 and s 3 can be simplified and the modified transfer functions are thus obtained as follows 3 
From Equations (27) and (28) we obtain the expressions for the filter parameters as 
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where f o , BW, H oBP and H oLP are given respectively by Equations (12), (13) and (14).
SPICE Simulation Results
All the three proposed circuits have been verified through SPICE version 16.0 simulations using CMOS OTRA of [4] reproduced herein Figure 7 where the aspect ratios of MOSFETs are as given in Table 1 and the model parameters using 0.5 µm CMOS technology provided by MOSIS (AGILENT) are as given in Table 2 . Figure 8 and Figure 9 show the variation of R p and L p respectively as compared to their theoretical plots. The proposed inductor was simulated using the component values as R 1 = 2.2 KΩ, R 2 = 3.3 KΩ and C p = 1.2 pF resulting in the theoretical value of R p = 1.32 KΩ and L p = 8.71 µH which are in close agreement with the simulated values of R p = 1.34 KΩ and L p = 8 µH.
The simulated lossy inductor of Figure 2 can be used to realize a band pass filter circuit as shown in Figure  10 . A straight forward analysis of the circuit results in the following expression of the transfer function of the circuit. Frequency (Hz)
For the band pass filter shown in Figure 10 we obtain the following filter parameters:
Considering the equivalent circuit of Figure 6 and using it to realize a band pass filter circuit we obtain the transfer function given by
The above equation can be simplified and written as ( )
From Equation (33) we obtain the modified filter parameters as
Figure 10. Simulated inductor used to realize aBand Pass filter.
where,
and f o are respectively given by Equation (31) . Figure 16 and Figure 17 shows the effect of temperature variations on the frequency response of the band pass and low pass filter when the temperature is varied from 10˚C to 100˚C. Figure 18 shows the variation of gain of band pass filter with resistance R 2 when its value is varied from 280 Ω to 320 KΩ and Figure 19 shows the variation of gain of low pass filter with resistance R 3 when its value is varied from 40 KΩ to 80 KΩ. Thus, Figure 18 and Figure 19 respectively show the variability of gain for band-pass and low-pass with respect to R 2 and R 4 . Figure 15 . SPICE generated frequency response of low-pass/band-pass filters. Figure 5 considering the one-pole , two-pole model of the OTRA and the SPICE result.
It can be seen that the results obtained from SPICE simulations demonstrate good correspondence with the theoretical values, which confirms the workability of the proposed circuits. 
Concluding Remarks
Three simple circuits using OTRA-pole were proposed: a simulated inductance, a fully uncoupled SRCO and a low-pass/band-pass filter. In these circuits the pole of the OTRA has been exploited advantageously to result in circuits which have the interesting feature of employing a low number of total components. The theory has been validated by SPICE simulation results. The workability of the proposed circuits, thus, demonstrates that the design of active-R circuits using OTRA-pole warrants further investigations. 
